We report results from an ab initio calculation of low-energy electron scattering by C S 2 molecules using the Schwinger multichannel method with pseudopotentials. We calculated elastic integral, di erential and momentum transfer cross sections in an energy range from 5 eV up to 50 eV and compared our results with available theoretical results and experimental data. Through the symmetry decomposition of our integral cross section and eigenphase sum analysis, we found cross section peaks that may b e i n terpreted as broad shape resonances in the cases of the g, g, u, and u symmetries. Among these possible resonances, the g, u, and u are being reported for the rst time.
I Introduction
Studies on electron-collision with CS 2 have received little attention in the past years. We can quote the theoretical work of Lynch et al. 1 , the measurements of total cross section by Szmytkowski 2 , the measurements of elastic cross sections by Sohn et al. 3 and the more recent w orks by Raj and Tomar 4 and Lee et al. 5 . Lynch et al. used the continuum multiplescattering model and studied elastic e , -CS 2 scattering from 0 eV up to 100 eV. They were able to nd some shape resonances, especially the low-energy u shaperesonance around 1.85 eV. The measurements of Sohn et al. covered the energy range from 0.3 eV up to 5 eV. Szmytkowski measured total cross sections covering the energy range from 0.4 eV up to 80 eV and Raj and Tomar applied the independent atom model to calculate cross section for energies above 100 eV. Lee et al. used the Schwinger variational iterative method combined with the distorted wave method to study e , -CS 2 scattering. They calculated elastic and total elastic plus inelastic cross sections for energies up to 100 eV and also calculated di erential cross sections at selected energies.
In this work we present results of our calculations on elastic e , -CS 2 collision, obtained with the Schwinger multichannel method with pseudopotentials SMCPP 6 at the xed-nuclei static-exchange approximation. We h a ve considered energies ranging from 5 eV up to 50 eV, thus avoiding the very low-energy range, where polarization e ects are known to be important in the description of the scattering process. The SMCPP method has been applied with success in the calculation of elastic and inelastic cross sections for electron scattering by several molecular systems 7 . The symmetry decomposition of the integral cross section according to the irreducible representations of the molecular point group D 1h and the eigenphase sums were also investigated in order to study the resonant b ehavior of the partial cross sections for some particular symmetries of CS 2 .
In the next sections we present the theoretical formulation of our method, our computational procedures and our results and discussions. We end this work with a brief summary.
II Theoretical Formulation
Here we will give a brief description of the SMC 8, 9 and SMCPP 6 methods. The SMC method is a multichannel extension of the Schwinger variational principle. Actually, i t i s a v ariational approximation for the scattering amplitude, where the scattering wave function is expanded in a basis of N+1-particle Slater determinants P is the free-particle Green's function projected on the P-space.
In this paper, we study elastic scattering at the static-exchange approximation, and the operator P is composed only by the ground state of the target j 1 i P = j 1 ih 1 j 6 and the con guration space j m i is fj m ig = fAj 1 ij' m ig; 7 where j' i i is a 1-particle function represented by one molecular orbital.
With the choice of Cartesian Gaussian functions to represent the molecular and scattering orbitals, all the matrix elements arising in Eq. 2 can be computed analytically, except those from h m jV G + P V j n i VGV, that are evaluated by n umerical quadrature 9 .
The numerical calculation of the matrix elements from VGV represents the most expensive step in the SMC code and demands almost the entire computational time of the scattering calculation. These matrix elements are reduced to a sum of primitive t wo-electron integrals involving a plane wave and three Cartesian Gaussian functions h jV j k i = In the above equation, V PP is the nonlocal pseudopotential operator given by: Even for small molecules composed by light atoms, a large number of the two-electron integrals must be evaluated. This limits the size of molecules in scattering calculations. In the SMCPP method we need shorter basis set to describe the target and scattering and consequently the numb e r o f t wo electron integrals is smaller than in the all-electron case. The one-electron integrals of Eq. 9 are more complex than those involving the nuclei, but they can be calculated analytically and their number is also reduced due to the smaller basis set. The reduction in the number of these integrals allows the study of molecules that are larger and heavier than those reachable by all-electron techniques.
III Computational Procedures
The ground state of the molecule, , which is in fact a s-type function, in order to avoid the linear dependency in the basis set that could be responsible for spurious structures in the cross sections 13 . In Fig. 2 we show the symmetry decomposition of our integral cross section according to the irreducible representations of the D 1h point group. Although not shown, our partial cross sections are in good agreement with those of Ref. 1 . It is clear in this gure that the structures in our integral cross section are related to the structures that appear in the symmetries g , u , g , and u , at 7 eV, 6.5 eV, 13.5 eV, and 23 eV, respectively, as indicated by the arrows in Fig. 1 . The u structure produces a very smooth undulation in our integral cross section due to the signi cant background from other symmetries at this energy. In order to study possible resonant behavior in our partial cross sections we h a ve also calculated the eigenphase sum for each one of the symmetries. Our results are shown in Fig. 3 for possible resonant symmetries those with bumps in Fig. 2 . For each symmetry, w e mark with an arrow the energy at the peak and it is always close to the maximum slope of the eigenphase. Therefore, this gure indicates that the structures referred to in the previous paragraph for the symmetries g , g , and u may be, in fact, broad shape resonances. In the case of u , the structure located at 12.5 eV, is very broad and cannot be seen in the integral cross section due to its very low magnitude. Lynch et al. also reported the g resonance, placed at 7.9 eV. The g , u , and u resonances are being identi ed in this work for the rst time. In the case of u , there is a spurious and very sharp resonance around 8.0 eV which i s resposible for the slope discontinuity of the eigenphase sum in Fig. 3 . We are not interpreting that discontinuity as a real resonance because the phase change is too small. Finally, Fig. 5 shows our momentum transfer cross section. There is no available results for comparison. In Table 2 we present our results for di erential, integral, and momentum transfer cross sections at selected energies. 
V Summary
We presented results for elastic scattering of low-energy electrons by C S 2 molecules. Our results agree very well with the available theoretical and experimental results. Through the symmetry decomposition of the integral cross section and eigenphase sum analysis we tentatively assign the cross section peaks to broad shape resonances for the g , g , u , and u symmetries, at 7 eV, 13.5 eV, 23 eV, and 12.5 eV respectively. I n this work, we h a ve identi ed these resonances for the rst time, except for the g one, reported by Lynch et al. 1 at 7.9 eV. Table 2 . Tabulated cross sections for CS 2 at selected energies. The cross sections are in 10 ,16 cm 2 and the scattering angles are in degrees. angle 5eV 7.5eV 10eV 12.5eV 15eV 20eV 25eV 30eV 40eV 50eV
